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(54) Optical shield with graduated conical baffles

(57) An optical shield for preventing stray light from
reaching the focal plane of an optical device includes a
tubular housing defining an aperture at one end for
admitting light to pass through the housing to the focal
plane, and a plurality of annular conical baffles attached
to the housing wall and axially spaced along the hous-
ing between the aperture and the focal plane. In one
embodiment, the housing wall is conical and the baffles
are all aimed at a location on the housing wall which is

between the aperture and a forwardmost one of the baf-
fles adjacent the aperture, such that the rearward-facing
surfaces of the baffles are shielded from direct and
reflected light. The baffles are spaced sufficiently
closely and are long enough that the baffles shield the
focal plane from those portions of the housing wall that
are directly illuminable by light passing through the
aperture.
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Description

Statement of Government Rights in the Invention

[0001] This invention was made with Government
support under contract number DASG6O-90-C-0165
awarded by the Army. The Government has certain
rights in this invention.

Field of the Invention

[0002] The present invention relates to shields for
reducing unwanted light from reaching a focal plane of
an optical device or sensor. More particularly, the inven-
tion relates to an optical shield of tubular form having
internal baffles for intercepting unwanted out-of-field
light rays so that such rays do not reach the focal plane.

Background of the Invention

[0003] In a variety of types of optical instruments, it
is desired that light rays entering an instrument from a
range of predetermined directions generally parallel to
the axis of the instrument be allowed to reach a focal
plane of an optical device or detector. However, it is
undesirable for light rays entering the instrument from
more extreme angles to be able to reach the focal plane
because such out-of-field light rays degrade the desired
in-field image. The desired image can be thought of as
a signal and the out-of-field light rays reaching the focal
plane can be thought of as noise. Thus, performance of
an optical instrument is enhanced by increasing the sig-
nal-to-noise ratio.
[0004] One method for increasing the signal-to-
noise ratio is to place an optical shield ahead of the
focal plane. An optical shield is designed to deflect or
block out-of-field light so that it cannot easily reach the
focal plane. Commonly, an optical shield is formed as a
tube having a plurality of annular baffles attached to its
inner surface and spaced along the length of the tube.
One end of the tube admits light through an aperture,
and a focal plane is located at the other end of the tube.
The baffles are located between the aperture and the
focal plane. The baffles extend inwardly toward the
center axis of the tube. Frequently, the baffles are
coated with an absorptive material such as black paint
in order to further reduce unwanted radiation of out-of-
field light. Alternatively, the baffles may be reflective on
one or both of their surfaces and configured so that out-
of-field light is reflected in directions away from the focal
plane.
[0005] In many cases, insufficient attention is given
to light that is scattered in random directions by out-of-
field light striking interior surfaces of an optical shield.
Because no object can be perfectly absorptive or per-
fectly reflective, there is always some amount of light
scattered in random directions when light strikes an
inner surface of an optical shield. If a surface struck by

out-of-field light is in view of the focal plane, there inevi-
tably will be some amount of light scattered from that
surface to the focal plane. This factor has not been
taken into account in the design of some existing optical
shields. For example, in some existing optical shields,
as illustrated in FIG. 1, light can be reflected off one baf-
fle and strike a rear surface (i.e., the surface facing the
focal plane) of the preceding baffle which is in view of
the focal plane. Even though this reflected light may not
be specularly reflected to the focal plane, some of the
light will be scattered to the focal plane.

Summary of the Invention

[0006] The amount of out-of-field light reaching a
focal plane of an optical device is reduced by an optical
shield in accordance with the present invention, having
baffles that are configured such that their rear surfaces
(i.e., those facing the focal plane) are not directly illumi-
nated by light entering the shield, and are not illumi-
nated by light reflected from adjacent baffles. Instead,
light striking the forward surface of a baffle (i.e., the sur-
face facing away from the focal plane) is trapped in a
corner between the baffle and the tubular wall to which
the baffle is attached so that it cannot be reflected back
to the preceding baffle. Additionally, the baffles are con-
figured so that each baffle shields the focal plane from
light reflected or scattered by the portion of the tubular
wall that is forward of the baffle and directly illuminated
by light passing through the aperture in the shield. Thus,
the baffles substantially prevent light from being
reflected or scattered from the tubular wall or the sur-
faces of the baffles to the focal plane.
[0007] In accordance with a preferred embodiment
of the invention, the optical shield comprises a housing
defined by a generally tubular wall having opposite for-
ward and rear ends, the forward end defining an aper-
ture for admitting light into the housing, the rear end
defining a focal plane which receives light entering
through the aperture along directions generally parallel
to a longitudinal axis of the housing. A plurality of coni-
cal baffles are axially spaced apart within the housing
and include a forwardmost baffle adjacent the aperture,
each baffle being formed by a conical wall attached to
the wall of the housing and extending generally inwardly
and forwardly therefrom and having a forward-facing
surface and a rearward-facing surface. The conical wall
of each baffle is aimed toward a location between the
aperture and the forwardmost baffle. Thus, the baffles
are "graduated" in that the cone angle of each succeed-
ing baffle in the rearward direction toward the focal
plane is smaller than the cone angle of the preceding
baffle. The conical wall of each baffle and the housing
wall form an acute corner for trapping light and prevent-
ing reflection of light from the forward-facing surface of
the baffle to the rearward-facing surface of a forwardly
adjacent baffle. Accordingly, the rearward-facing sur-
faces of all of the baffles are shielded from direct and
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reflected light.

[0008] Advantageously, the conical wall of each
baffle has a length sufficient to shield the focal plane
from light that is reflected or scattered by the portion of
the housing wall which is forwardly adjacent to the baffle
and which is directly illuminable by light passing through
the aperture.
[0009] To facilitate trapping light rays in the corners
between the baffles and the housing wall, the housing
preferably has a diameter which increases in the rear-
ward direction. In a preferred embodiment of the inven-
tion, the housing wall is conical and has a maximum
diameter at the rear end that contains the focal plane.
The conical shape of the housing wall enhances the
acuteness of the angles between the baffles and the
housing wall so that light rays striking the baffles and
reflecting onto the housing wall, or vice versa, are less
apt to escape the corners.
[0010] In a preferred embodiment of the invention,
the housing is closed at the rear end by a cup-shaped
end cap joined to the conical housing wall at the maxi-
mum-diameter location and extending rearwardly there-
from. The end cap is formed of a conical section joined
to an end wall. The end wall is preferably parallel to the
focal plane. The end cap prevents light from entering
the shield through the rear end, and also serves as a
mounting structure to which an optical device can be
attached.
[0011] By virtue of the configuration of the optical
shield with graduated baffles aimed at a location inside
the housing, high signal-to-noise ratios are realizable
even without any special optical coatings for increasing
the absorption of out-of-field light. Additionally, relatively
few baffles are required in comparison to optical shields
having conventional straight or conical baffles, and
therefore the optical shield can be made with reduced
weight and at lower cost than such conventional optical
shields.

Brief Description of the Drawings

[0012] The above and other objects, features, and
advantages of the invention will become more apparent
from the following description of certain preferred
embodiments thereof, when taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a sectioned side elevational view of a con-
ventional optical shield having straight baffles,
showing out-of-field light rays reflecting from one
baffle onto a portion of an adjacent baffle that is in
view of the focal plane;
FIG. 2 is a sectioned side elevational view of an
optical shield in accordance with one preferred
embodiment of the invention, showing out-of-field
rays reflecting off one of the baffles and the housing
wall and being directed through multiple reflections
into the corners between the baffles and the hous-

ing wall;

FIG. 3 is a view similar to FIG. 2, depicting another
preferred embodiment of the invention having a
conical housing;
FIG. 4 is a graph comparing the predicted perform-
ance of an optical shield having three graduated
baffles substantially as shown in FIG. 3, with the
predicted performance of an optical shield having
straight baffles substantially as shown in FIG. 1;
and
FIG. 5 is a sectioned side elevational view of yet
another preferred embodiment of the invention.

Detailed Description of the Drawings

[0013] The invention is now explained by reference
to certain preferred embodiments thereof. It is to be
understood, however, that the invention is not limited to
these embodiments.
[0014] With reference to FIG. 1, a conventional opti-
cal shield 10 is shown in sectioned side elevational
view. The shield 10 includes a tubular housing 12 which
has an aperture 14 at one end for admitting light into the
housing. An optical device 16 is mounted at the other
end of the housing 12. The optical device 16 defines a
focal plane 18 for receiving light passing through the
aperture 14. The shield 10 also includes a plurality of
annular baffles 22 affixed to the inner surface of the
housing 12 and spaced apart between the aperture 14
and the focal plane 18. The baffles 22 are intended to
reduce the amount of out-of-field light which reaches
the focal plane 18 after entering the aperture 14. With-
out the baffles 22, out-of-field light rays would be free to
specularly reflect off the wall of the housing 12 onto the
focal plane 18. The baffles 18 block many of these out-
of-field rays before they reach the wall of the housing
and/or after they have reflected off the housing wall.
[0015] However, unwanted out-of-field light is still
capable of reaching the focal plane 18 by being scat-
tered from rearward-facing surfaces of the baffles 22
which are in view of the focal plane. As shown in FIG. 1,
for example, an out-of-field light ray Ro, striking the for-
ward-facing surface 24 of the rearwardmost baffle 22 is
reflected onto the rearward-facing surface 26 of the pre-
ceding baffle 22. This rearward-facing surface 26 is in
view of the focal plane 18 as indicated by the broken
lines and, accordingly, some light will be scattered from
the surface 26 onto the focal plane.
[0016] Among the objects of the present invention
are to substantially prevent specular reflection of out-of-
field light onto the focal plane, and also to significantly
reduce the amount of out-of-field light scattered onto the
focal plane by inner surfaces of an optical shield. FIG. 2
depicts one preferred embodiment of an optical shield
30 in accordance with the invention. The shield 30
includes a tubular housing 32 having an aperture 34 at
a forward end of the housing for admitting light into the
housing. The opposite rear end of the housing 32
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mounts an optical device 36, such as an optical detec-
tor, which has a focal plane 38. Thus, light passing
through the aperture 34 in directions generally parallel
to the longitudinal axis of the housing 32 (i.e., in-field
light) passes through the shield unobstructed and
strikes the focal plane 38. The outer boundaries of the
field are denoted by broken lines 41.

[0017] To prevent light which enters the aperture 34
at more-extreme angles from reflecting or being scat-
tered onto the focal plane 38, the shield 30 includes a
plurality of generally conical baffles 42 affixed to the wall
of the housing 32 and axially spaced apart between the
aperture 34 and the focal plane 38. The baffles 42 are
all aimed at a location P that is between the aperture 34
and the forwardmost baffle closest to the aperture, as
indicated by the dashed lines 44. Accordingly, the baf-
fles 42 are "graduated" in that the cone angle of each
succeeding baffle in the rearward direction toward the
focal plane 38 is smaller than the cone angle of the pre-
ceding baffle. Because the baffles 42 are aimed at the
location P, the rearward-facing surfaces (i.e., the sur-
faces facing the focal plane 38) of the baffles 42 cannot
be directly illuminated by light passing through the aper-
ture 34, as illustrated for example by the extreme ray R1
for the third baffle (counting from the aperture rearward)
which misses the rearward-facing surface of the third
baffle and strikes the tubular wall 46 of the housing 32
from which it is reflected onto the forward-facing surface
of the fourth baffle.
[0018] Additionally, because the baffles 42 are
aimed at the location P just inside the housing 32, each
baffle is angled forwardly at an angle sufficiently large to
prevent light from being reflected off a forward-facing
surface of one baffle onto the rearward-facing surface of
the preceding baffle. For example, the only slightly out-
of-field light ray R2 striking the forward-facing surface of
the third baffle is reflected onto the tubular wall 46 of the
housing 32, and from there is reflected back onto the
forward-facing surface of the third baffle, and so on.
Similarly, light from the extreme ray R1, after being
reflected off the housing wall 46, strikes the forward-fac-
ing surface of the fourth baffle at a less-acute angle but
is still reflected back onto the tubular wall 46, then back
onto the baffle, and so on toward the corner 48 between
the baffle 42 and the housing wall 46. The acute angular
junctions or corners 48 between the baffles 42 and the
housing wall 46 thus tend to "trap" light and prevent the
light from reaching the focal plane 38.
[0019] It will also be noted that the axial spacings
between adjacent baffles 42 and the lengths of the baf-
fles 42 are such that each baffle shields the focal plane
38 from the portion of the housing wall 46 that is just for-
ward of the baffle and is directly illuminable by light
passing through the aperture 34. This is illustrated in
FIG. 2 by the extreme ray R1 for the third baffle which
strikes the housing wall 46 just rearward of the third baf-
fle. The fourth baffle is spaced rearward from the third
baffle by a distance d and has a length l. The distance

d  and length l are chosen such that the portion 50 of the
housing wall 46 that is directly illuminable by light is not
in view of the focal plane 38. The lengths of the other
baffles 42 and their spacings from the preceding baffles
are likewise selected so that the directly illuminable por-
tions of the wall 46 are shielded from the focal plane.

[0020] Because the baffles 42 shield the focal plane
from the housing wall 46, and the baffles are aimed at
the location P just inside the housing so that their rear-
ward-facing surfaces are in the shade, the optical shield
30 substantially prevents light from being reflected or
scattered onto the focal plane 38 from the housing wall
46 or from the baffles 42. It will also be appreciated that
the number of baffles can be reduced relative to a con-
ventional straight-baffle shield such as the shield 10 of
FIG. 1, thus potentially yielding benefits in terms of
lower manufacturing cost and reduced weight for the
optical shield 30.
[0021] FIG. 3 depicts another preferred embodi-
ment of the invention. The optical shield 60 of FIG. 3 dif-
fers from the shield 30 primarily in the configuration of
the housing. The tubular housing 62 of the shield 60 is
generally conical such that the diameter increases in
the rearward direction from a minimum diameter at the
aperture 64 to a maximum diameter at the rear end
which defines the focal plane 68. Preferably, the rear-
wardmost baffle 80 is located relative to the focal plane
68 such that the portion of the housing wall 82 between
the rearwardmost baffle and the focal plane cannot be
directly illuminated by light passing through the aperture
64. The rear end of the housing 62 is closed by a cup-
shaped end cap 70 comprising a conical portion 72 and
an end wall 74 which is generally parallel to the focal
plane 68. The end cap 70 prevents light from entering
the housing through the rear end, and also serves as a
mounting structure to which an optical device can be
attached.
[0022] As with the shield 30, the shield 60 has the
baffles 80 all directed toward a point P between the
aperture 64 and the forwardmost baffle, such that the
baffles 80 and the housing wall 82 define smaller and
smaller acute angles in the direction from the forward
end to the rear end. The conical shape of the housing
62 yields more-acute corners 78 between the baffles 80
and the tubular housing wall 82, thus further facilitating
the trapping of rays in the corners 78. Additionally, the
conical housing shape enables the axial spacing
between adjacent baffles to be increased relative to a
cylindrical shield. As a result, the shield 60 requires only
three baffles 80 rather than four baffles for the shield 30
of FIG. 2.
[0023] It will be noted that, for both of the shields 30
and 60, the axial spacings between the baffles need not
be constant, but rather can be increased in the rearward
direction toward the focal plane, as long as the lengths
of the baffles are correspondingly increased toward the
rear end to shield the focal plane from the directly illumi-
nable portion of the tubular housing wall ahead of each
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baffle.

[0024] Mathematical modeling of optical shields in
accordance with the invention predicts significantly
improved efficiency relative to conventional optical
shields having straight baffles or conical baffles with
equal cone angles. For example, FIG. 4 depicts the pre-
dicted efficiency for an optical shield substantially as
shown in FIG. 3, and the predicted efficiency for a con-
ventional shield substantially as shown in FIG. 1, as a
function of the incidence angle of light passing through
the aperture. Both of the optical shields were modeled
to have absorptive coatings such as black paint on their
interior surfaces. The plotted parameter "PST" is the
"point source transmittance" defined as the energy
reaching the focal plane divided by the total energy
available out-of-field. It can be seen that for a wide
range of out-of-field incidence angles, for example from
15° to 70°, the optical shield with graduated baffles in
accordance with the invention passes a substantially
smaller fraction of stray light to the focal plane than the
conventional baseline shield. Integrated over the entire
range of incidence angle, the shield with graduated baf-
fles passes about one-fifth the amount of out-of-field
light to the focal plane as the conventional shield.
[0025] The mathematical models further predict
that even when the shield with graduated baffles has a
specular coating, such as Ebanol C, applied to its baf-
fles and housing wall and the conventional shield has a
diffuse coating, such as Nextel, applied to its baffles and
housing wall, the shield with graduated baffles still has a
significantly better efficiency than the conventional
shield. Thus, optical shields of high efficiency can be
made in accordance with the invention, without the
necessity of providing special optical coatings on inner
surfaces of the shields. Accordingly, the shields can be
made more simply and potentially at lower cost than
conventional shields employing special optical coatings,
and maintenance costs associated with repainting the
coated surfaces of shields are avoided.
[0026] FIG. 5 shows yet another preferred embodi-
ment of the invention. The optical shield 90 of FIG. 5
includes a conical housing 92 having a minimum diam-
eter at the forward end which defines the aperture 94
and a maximum diameter at the rear end which defines
the focal plane 98, and a plurality of conical baffles 100
which are aimed or graduated at various locations
inside the housing 92 such that the rearward-facing sur-
faces of the baffles 100 are shielded from direct illumi-
nation. Unlike the shields 30 and 60 which have their
baffles all aimed at a single point just inside the housing,
the shield 90 has its baffles 100 aimed at different points
within the housing, most of which are not between the
aperture 94 and the forwardmost baffle. The conical
shape of the housing wall 96 facilitates shielding of the
focal plane 98 from the wall 96 by the baffles 100. Thus,
although a portion 102 of the conical wall between the
first and second baffles 100 can be directly illuminated
by light, as illustrated for example by the ray R3, the sec-

ond baffle is spaced sufficiently close to the first baffle
and is long enough such that the focal plane 98 is
shielded from the illuminated portion 102. The baffles
100 are angled forwardly at sufficiently steep angles
that light cannot be reflected from one baffle to the rear-
ward-facing surface of the preceding baffle, as illus-
trated by the extreme rays R4 and R5 for the second and
third baffles, respectively. It will be appreciated that the
embodiments of FIGS. 2 and 3 facilitate making the
overall size of the shield smaller than the shield of FIG.
5, and thus may be preferred in certain applications
where size of the shield must be minimized. However,
the shield of FIG. 5 may enable improved efficiency rel-
ative to the shields of FIGS. 2 and 3, and hence may be
preferred if size is not an important consideration.

[0027] The invention has been described by refer-
ence to certain preferred embodiments of the invention,
and these embodiments have been described in consid-
erable detail. Nevertheless, the invention is not limited
to these embodiments, and various modifications and
substitutions of equivalents will readily be compre-
hended by persons of ordinary skill in the art. It is
intended that such modifications and substitutions be
encompassed within the scope of the invention as set
forth in the following claims.

Claims

1. A shield for an optical device, comprising:

a housing defined by a generally tubular wall
having opposite forward and rear ends, the for-
ward end defining an aperture for admitting
light into the housing, the rear end defining a
focal plane for receiving in-field light; and
a plurality of conical baffles axially spaced
apart within the housing and including a for-
wardmost baffle adjacent the aperture, each
baffle being formed by a conical wall attached
to the wall of the housing and extending gener-
ally inwardly and forwardly therefrom and hav-
ing a forward-facing surface and a rearward-
facing surface, the conical walls of the baffles
being aimed toward a location on the housing
wall between the aperture and the forwardmost
baffle such that the conical walls of the baffles
and the housing wall form acute corners for
trapping light and preventing reflection of light
from the forward-facing surface of each baffle
to the rearward-facing surface of a forwardly
adjacent baffle, whereby the rearward-facing
surfaces of all of the baffles are shielded from
direct and reflected light.

2. The optical shield of claim 1, wherein a portion of
the housing wall forwardly adjacent to each baffle is
directly illuminable by light passing through the
aperture, and wherein the conical wall of each baf-
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fle has a length sufficient to shield the focal plane
from light reflected or scattered by said directly illu-
minable portion of the housing wall.

3. The optical shield of claim 2, wherein the housing
has a diameter which increases in the rearward
direction.

4. The optical shield of claim 3, wherein the housing
wall is conical and the focal plane is located at a
maximum diameter of the housing wall.

5. The optical shield of claim 4, wherein the housing is
closed at the rear end by a cup-shaped end cap
joined to the conical housing wall at the maximum-
diameter location and extending rearwardly there-
from.

6. The optical shield of claim 1, wherein the baffles
increase in length in the rearward direction.

7. A shield for an optical device, comprising:

a housing defined by a generally tubular wall
having opposite forward and rear ends, the for-
ward end defining an aperture for admitting
light into the housing, the rear end defining a
focal plane for receiving in-field light passing
through the aperture and along a rearward
direction generally parallel to a longitudinal axis
of the housing, the tubular wall being conical
and having a minimum diameter adjacent the
forward end and a maximum diameter adjacent
the rear end; and
a plurality of conical baffles axially spaced
apart within the housing, each baffle being
formed by a conical wall attached to the wall of
the housing and extending generally inwardly
and forwardly therefrom and having a forward-
facing surface and a rearward-facing surface,
the conical walls of the baffles being angled for-
wardly such that light from any direction pass-
ing through the aperture and striking the
forward-facing surface of the baffle is reflected
onto the housing wall, and such that the rear-
ward-facing surfaces of the baffles cannot be
directly illuminated by light passing through the
aperture.

8. The optical shield of claim 7, wherein the conical
walls of the baffles are substantially parallel to one
another.

9. The optical shield of claim 7, wherein the conical
walls of the baffles are oriented at different angles.

10. The optical shield of claim 7, wherein the conical
walls of the baffles are all aimed at a location on the

housing wall between the aperture and a forward-
most one of the baffles.

11. The optical shield of claim 7, wherein a portion of
the housing wall forwardly adjacent to at least one
baffle is directly illuminable by light passing through
the aperture, and wherein the conical wall of said at
least one baffle has a length sufficient to shield the
focal plane from said forwardly adjacent portion of
the housing wall.
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